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Presenters Background

Advisory Industry Consultant

GE Power
* Industrial Apparatus Sales Engineer
e Six Sigma Black Belt

GE Research
« Systems Engineer (Remote Services)
e QOperations Research (Digital Twins)

SAS
e |ndustry Consultant (Partners/Ecosystem)
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Sr. Manager loT Consulting

SAS

20+ years analytical consulting experience
Delivered real-time analytics projects
related to:

 HVAC analytics

* Flood prediction

* Manufacturing optimization

e Solar farm monitoring
Development of automated approach to
simplify model training and deployment
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Machine Learning
makes it possible to
accurately monitor

optimal performance
for ALL assets and
controllable variables
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AutoML for loT

Cross Domain Application

Extensible, Cross Smart Building Manufacturing Smart City Solar Farm
Industry Predictive Maintenance Operation Improvement  Situational Awareness & Predictive Maintenance
& Energy Efficiency Yield & Safety Flood Prediction & Energy Efficiency

Framework

" 4 SAS Campus Georgia Pacific Town of Cary SAS Campus
A M 3
« (Cities, Universities) (DEPCOM Power)
Description

«  Transform thousands of seemingly disparate raw sensor readings

* Integrate hundreds of ML models to monitor operation and predict future outcomes

«  Deploy meaningful alerts to your end users and are designed to offer immediate value

« Highlight potential root causes

« Configure based on simple inputs that a subject matter expert could provide gsas

ite Inc. All rights reserved.



Logical Progression of Analytics Complexity

Machine Learning Progression
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Utility Grid

PV Modules | /

Transformer

| < Meter

Combiner
Box

Source: NREL Osas
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Solar Farm Inverter
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rradiance: 7428 W/ Input DC Power: 247.9 kW Current 1: 24.75 A (25.7 expected = 96%)
Power: 235.5 kW o AC D . v .
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Expected Power: 282.5 kW SR ower Temperature: 35C Current 2: .75 A (12.2 expected = 96%)
Temperature: 59.9 C Current 3: 6.45 A (10.5 expected = 61%)

% of Expected: . .
Conversion Efficiency: 95% Angle: 32 degrees
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The Vision

Integrating Machine Learning Models Throughout Everyday Operation

- ML Models Deployed to Monitor... Continuous monitoring for
unexpected decreases in energy
/ generation for each asset

- e.g., Energy generation from each asset in the solar farm

- Key performance metrics

current conditions
- e.g., solar panel angle

- Trends/forecasts in measurements that are critical to operation Proactively anticipate potential

- e.g., temperatures ¢ sS|eS before they impact
operation

GSsas
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AutoML for loT - Solar Farm Use Case
A Solution Accelerator for Rapidly Developing & Deploying Streaming Analytics

O O O O O O

-
1 © © © © ©
ooo
Digital Model Configure Sensors  Feature Engineering  Train ML Models ~ Operationalize Application
Streaming ML Insights

Monitor Performance / Continuous Improvement

Osas
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AutoML for loT

Step 1 - Digital Model Representation

Overhead View Asset Structure

PV
Solar Cell Solar Panel

Fuses
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Y M YT DY Collector AC g p
PV Array — 3 T —] or
f ‘ ST 0 Combiner DC
Box
e M
| e I}
g-'i gr_*—a A, g 15 O S { ll K TREE Collapse Al
et l =1 : ' ; v SAS Solar Farm 2
It \d v Inverter A
: ; v Array A3 :s:“
PV String o v Combiner Box A3_1
Source:

v String A3_1_1
Solar Panel A3_1_1a
String A3_1_2
String A3_1_3
String A3_1_4

https://www.swe-check.com.au/editorials/solar-pv-circuit-protection-guide.php

toe=DER

> Combiner Box A3 2
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AutoML for loT

Step 2 - Connect to real-time sensors

Projects

status: Started Oy

=

z

{
vii  dl

@

L]
B

ESP Servers

SAS® Event Stream Processing Studio

solarFarm_historical x Test: solarFarm_historical x

A

< tributesDataSource

Continuous query: cql

historicalDataSource

B Stop % Publish

historicalDataSourcaSplittar

Currently retained events: 0

Drag a column header and drop it here to group by that column

Opcode

Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert

Insert

key1
6061
6060
6059
6058
6057
6056
6055
6054
6053
6052
6051
6050
6049

6048

msr_timestamp

2023-04-01706:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...
2023-04-01706:39:03.9...
2023-04-01706:39:03.9
2023-04-01T06:39:03.9..
2023-04-01T06:39:03.9...
2023-04-01T06:39:03.9...

2023-04-01T06:39:03.9...
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[@ Performance

historicalData

assetlD

STRNG_B1.3 2
STRNG_B1_3.1
STRNG _B1.2 4
STRNG_B1_2 3
STRNG_B1_2_2
STRNG_B1_2 1
STRNG_ B1_1 4
STRNG_ B1_1.3
STRNG B1_1.2
STRNG_B1_1.1
STRNG_A4_4 4
STRNG_A4 4 3
STRNG_A4_4_2

STRNG_A4_4 1

ESP server

reacdClearblade

& sas-viya

parseClearblade

attributelD

current A
current_A
current_ A
current_A
current_A
current_A
current_A
current A
current A
current_A
current_A
current_A
current_A

current_A

realtimeDataSource

realtimeTriggerR

Show formatted fields &

value

0.00000000

0.00000000

0.13000000

0.08000000

0.41000000

0.30000000

0.20000000

0.30000000

0.13000000

0.30000000

0.00000000

0.13000000

0.14000000

0.18000000

1-25 of 1,000 items
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Aroa Typea
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Real-time raw data
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AutoML for loT

Step 3 - Feature Engineering

SAS® Event Stream Processing Studio - Test

sirfrm_combinerBox_re... @ Test: slrffrm_combinerB... @

Projects  ESP Servers

Solar Farm Inverter Combiner Bok

Status: Started M Stop . °F ESP server: | S sas-viya v | L&
[ e °
« D Window : source_CO01_wwol_update SolarFarmData union_dats_sources eddcontext_forunion combinerBox_trenspose comb M_e;rl c S M et rl c IVl et rl C S
o A 8 source_COT_w... Continuous query: cq1  Currently retained events: 0 Spow foNgatted fields i
b OJ source_CO01_w... )
Drag a column header and drop it here to group by that column
13 35 source_CO1_w...
deviceType i devicelLabel { | msr_date i msr_time :  wth_cloudcover : | wth_humidity : | irradiance_poa_my: INVRTR_dc_voltag: CMBX_temperatur: current_thisBox
> = loTHubSolarFarm
combinerBox Combiner Box A2... 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 46.000000 147.600000
> D =3 ParseloTHubSo...
combinerBox Combiner Box A4... 22,9201,000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 43.000000 204.000000
b 55 SolarFarmData
combinerBox Combiner Box B1... 22,901.000000 45 900.000000 25.000000 38.000000 898.080000 377.600000 0.000000 0.000000
> O = measurement_...
combinerBox Combiner Box A2... 22,901.000000 45 900.000000 25.000000 38.000000 898.080000 362.800000 55.000000 196.670000
O |8 hadeipackage.. combinerBox Combiner BoxA3... | 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 49.000000 131.930000
U = hierarchicalDat... combinerBox Combiner Box Ad... | 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 0.000000 149.470000
s -
E-2 union_data_so... combinerBox Combiner BoxB1... | 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 42.000000 199.320000
[:] @ source_addcon... combinerBox Combiner Box A3... 22,201.000000 45,200.000000 25.000000 38.000000 8§98.080000 362.800000 53.000000 152.490000
© addcontext_for... combinerBox Combiner Box B1... 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 46.000000 195.650000
D 8 source_history... combinerBox Combiner Box B4... 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 43,000000 136.720000
[:] biN source_history.. combinerBox Combiner Box A4... 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 39.000000 119.650000
O | 8 ORI X5 combinerBox Combiner Box B1... | 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 42.000000 169.130000
0O | s soumsamptipb. combinerBox Combiner Box Ad... | 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 362.800000 56.000000 153.880000
[ ] combinerBox Combiner Box B1... 22,901.000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 42,000000 176.710000
] n source_output_...
: combinerBox Combiner Box B4... 22,901,000000 45,900.000000 25.000000 38.000000 898.080000 377.600000 0.000000 0.000000
AN = combinerBox_s...
3 D (0] combinerBox_s.,,@
3 O $S combinerBox_s...
> [ = combinerBox_...
> D (0] combinerBox_...
> O i3 combinerBox_...
¥ O Ugs union_combin...
> combinerBox_t... /&
3 O 5 combinerBox_... /& C
> [ module10 VA 1 1-15 of 15 rows ’®SaS®



AutoML for loT

o
Step 4 - Train ML Models and Register in Model Management K®J

Train Models using
Machine Learning Pipeline Automation

solarFarm---solarFarm---EMTR---current_allStrings (By MLPA pMR21)

Register / Manage using
Model Manager

(/]
R—
- - T~ —
il ~
Eal ion :
Q| e e SedebpeSonCossType 0 Publsked Models pes Daviinatic
\““"-._\__
Ve
[ Variable Selection :
(/]
.., Stepwise Linear & : ear . ft. Decision Tree : &% Gradient Boosting :
lﬁ Regression e 9 :
o (/] [*]
. /\x ,/J — —|
I e —— /z'— — ; ":_———_—_—_R—_——_:_————____ o
%, Ensemble ;
o
& Model Comparison :
(/]
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AutoML for loT

Step 4 - Train ML Models and Register in Model Management

solarFarm-—array---ARRAY_A4--current_thisArray (By MLPA SNCcy)

Summary Output Data

Smoothing Component

Parameter Estimates
Effect

Intercept
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Model Studio - Build Models

Assessment

Estimate by Parameter

Absolute Estimate
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Intercept

500 750
Iradlance_poa_myPV

dow Selection Summary

Estimate Absolute Es... Effects
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Intercept
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AutoML for loT

Step 5 - Operationalize Streaming ML Models

Projects  ESPServers | (QESICiia (ue=r- Iy l- Sty

SAS® Event Stream Processing Studio

Project type: XML file @ TS
« Windows @ a @
(o) > Input Streams C I e i .z I :
> Transformations ; ' v - 1 parseClassblse j redltimeTrgger..
a > Utilities | I

- F W Jeud. |
> Analytics i

catnhssuts I
upctutistary
W itialHurach B ongangHierarch. o omsclidataCur:
= \/
¥ unenHisearchyll wrichDataModul -
updaturbmrarchi_ teenpute_atray_c cumpute_samkire. campute_imewte... compute_scleFa
¥ guetinian_sndEn.
anrichDataMordel. .
outputincsi_a Ruterds e T s =
ctpatfucard_a tptfincsech

?
iter Test Mode | ESP server: ’ & sas-viya v | o | ¢
G solarFarm_realtime »
v Name and Description .
8
Name: * @
‘ solarFarm_realtime ‘ [
Description:
Z)
Tags:
( Project x ) o

Version notes:

Initial version.

> Attributes

> Lua Snippets ®

> User-Defined Properties

> Connector Orchestration

> SAS Micro Analytic Service Modules
> Advanced

Auto-generated SAS Event Streaming Processing Project
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Result

ML Models Running Alongside Key Metrics and Settings

: L Date Range
~ TIMELINE MAP PLOTS | [ TABLE Most recent ~
Attributes
[- Current This Box €4  Current This Box (Predicted) £ X -

Plotting 100 updates from 10/27/2023. 7:39:03 AM — 10/27/2023, 11:45:00 AM

w—— Current This Box (Predicted) === Current This Box

2 DR T e

100
80
60

40 |

20

08:00AM 08:30AM 09:00AM 09:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30AM

GSsas
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AutoML for loT

Step 6 - Application Insights

(‘ SAS EVENT STREAM
D PROCESSING
1 [ [ | e
SAS Visual Analytics ClearBlade Intelligent OSI PI Vision User Siemens Operation
Dashboards Assets Dashboard Interface Insights Dashboard

Flexible options to deploy streaming ML projects into
existing architectures (edge &/or cloud) Gsas
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Translating to Industry
DEPCOM Power

DEPCOM designs, builds, and operates utility-scale solar power
plants. They also offer energy storage solutions, maintenance

services, and consulting services for the renewable energy
industry

Key Challenges

As PV power plants continue to expand in size, it is
critical to develop automated data processing tools
to easily highlight operational impairments not
efficiently identified by field personnel

Data efficiencies for reporting and analysis; currently
very manual.

Need to move from reactive to proactive, eventually
predictive.

Trustworthy KPI's & Advanced Analytics to enable
performance guarantee success.

Copyright © SAS Institute Inc. All rights reserved.

How SAS® supported the process
~ Expected Results

Initial focus on DC Health of Large Utility Scale Solar Farms,
ability to detect anomalies specifically to PV model and DC
collection subsystems. (Combiner Box DC current data to
flag underperforming combiner boxes to better guide field
personnel to investigate and diagnose failures such as
blown DC fuses and take corrective action

Provide Operations Center proper digital tools to process

increasingly large datasets to efficiently present actionable
information.

Future use cases include Spare Part/Inventory Strategy,
Intelligent Decisioning, Next Generation Service offering

w/Advanced analytics for DC Health, Ray Tracker Health,
Plant Health

Osas



Future Directions

Solar Farm Maintenance Decisioning

DEFINE THE MAINTENANCE STRATEGY

. Precision
Preventive
Y — / 1. ESP Trigger - Combiner Box @
Routinary and [ [/ A\ Efficiency Alert
regular @ 2. Look up how many times specific
: ; assel has been repaired and / or
maintenance replaced last 12 months
@ 3. Is there on-Site personnel capable
of fixing the combiner box?
SAS EVENT STREAM PROCESSING
- - SAS INTELLIGENT DECISIONING
P red |Ct |Ve » Instruct maintenance to
O p p 9) rt un lty check and replace parts @ 4, Check inventory for necessary part,
If necessary
T REAL TIME AUTOMATE /@% S .
(¢ ) )) WATCH LIST: Add to i I8 there a planned site visi
SENSOR DATA cRR S MAINTENANCE \\ﬂ R 7’/,/),/"/ open log of issues @ scheduled for this site?
EXECUTION EXECUTION i TS potentially impacting
. performance Part order to be made
Maintenance avaliabe fo next scheduled
outage
Orders

Proactive

Expected
failures 1

/2, O\
PATS 1]
| AR
Run-To-Failure \ (>
&
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Supporting Content

SAS Explore 2023 Session
Ultra-Agile Approach tor the Deployment of Real-Time Analytics

IEI

ol L=
a:rbr

GSsas

Copyright © SAS Institute Inc. All rights reserved.



